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April 26, 1993 \-f\'C-0\p.;. 

Mr. Randal K. Oberlag 
Enforcement Engineer 
NPDES Enforcement Section 
Arkansas Department of Pollution Control & Ecology 
P.O. Box 89 13 
Little Rock, Arkansas 722 19-89 13 

Re: Corrective Action Schedule, Task 12 (Storm Water System) and Task 13 (Pern:llt 
Modification) Submittal 

Dear Mr. Oberlag: 

Under the schedule for Consent Administrative Order LIS 92-1 98, Cedar Chemical is required 
to submit a Storm Water System Plan (Task 12) by May 1, 1993 . 

In general, the goaJ is to ensure that we capture, contain and pump to our biotreatment system, 
the rainfall associated with all storms up to, and including, a 25-year, 24-hour storm event With 
this capability in place, we will abandon our one existing stormwater outfall. 

This will be accomplished by enlarging our ditch system to increase storage volume, and 
constructing an appropriately sized berm around the industrial site perimeter to contain the water. 
Dual pumps, and associated concrete sumps, will transfer the accumulated water to the 
biotreatment system. 

A detailed Scope of Work for Task 12 is enclosed and submitted for your approval. 

Task 13, Permit Modification, does not require any input from Cedar Chemical at this time. 
Discussion with the NPDES Permits Branch has indicated that this will be an ongoing project 
during the course of the TR.EITIE. Cedar has informed them that any updated production or flow 
data that they require will be made immediately available. 

Sincerely, 

Jo~~ 
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cc: Mr. Joe Hoover, Hazardous Waste Enforcement, ADPC&E 
Mr. Randal Tomblin, Organics Division President, Cedar 
Mr. David Hoppel, Plant Manager, Cedar 
Mr. Allen Malone, Attorney, Cedar 
Mr. Bruce Shackleford, Consultant, ECO Inc . 
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CEDAR CHEMICAL CORPORATION 

STORMW A TER RETENTION SYSTEM 

SCOPE OF WORK 

The Scope of Work will be performed in two phases to be completed by October 1, 1993. Some 
aspects of Phase I have already begun. 

PHASE I 

1. Establish elevations around the industrial site perimeter and determine the finish grade for a 
surrounding earthen berm. Based on TR-55 data (Exhibit 1), a 25-year, 24-hour storm 
event is a 6.8 inch rainfaii which would cause a 2.93 million gallon accumulation at 
Cedar's West Helena facility. This is the amount of water which will be contained within 
the berm. TR-55 is the calculation manual, Urban HydroloiO' for Smail Watersheds, 
United States Department of Agriculture. The 6.8 inches for a 25-year event was 
confirmed with the U.S. Meteorological Office in Denver. 

2. Widen all stormwater ditches (Exhibit II, Figure ME-02). Construct them with a 4: 1 side 
slope that will support grass growth and that can be mowed. This will contribute 2.5 
million gallons of temporary storage capacity to the system. The last 100 feet of the ditch 
system will contain rip-rap to initiate silt removal prior to water flowing into the sump. 

3. Redistribute excess soil within the industrial site in order to level all exposed areas, and 
groom the surface prior to putting in grass. No soil currently within the industrial site will 
be removed from the site. 

4. Where necessary to promote grass growth, bring clean soil from off-site. 

5. Pave the new shower room parking lot. The runoff will be isolated and re-directed so that 
it is removed from the storm water accumulation total. 

6. Construct an earthen berm, containing no outfall, around the perimeter of the industrial site. 
This will not only contain the required volume of water within the site, but it will prevent 
any inflow of rainwater from off-site. 

7. Plug, seed or sod all exposed areas and initiate a lawn maintenance program to ensure 
complete grass coverage. 
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PHASE II 

I. Install dual 500 gpm, non-clogging, submersible, centrifugal pumps to transfer stormwater 
from the contained industrial site to the biotreatrnent system. In exhibit 1 the pump-out
interval volume (P) of 1000 gpm, when subtracted from the storm-water-interval volume 
(G) indicates a net accumulation of 2.25 million gallons (T) for a 25-year event. This is 
.25 million gallons less than the capacity of the ditches alone. The perimeter berm will 
further increase the capacity of the site. 

2. Construct a 50,000 gallon capacity, reinforced concrete storm water sump (Exhibit II, 
Figure SP-03W). The sump will be in the southeast corner of the plant site at the 
intersection of two major containment ditches. A built-in weir will remove silt, which, 
because of the sloped construction of the sump, can be removed by driving a backhoe into 
the sump. 

3. Construct a 15,000 gallon capacity, reinforced concrete storm water tank (Exhibit II, 
Figures ME-04 and ME-05). The tank and sump will share a common wall. The tank 
provides suction to the pumps, and has a built-in control panel that will start the first 
pump. If the tank's water level control indicates it is necessary, the second pump will be 
started and they will run in tandem. A high-water-level alann will be installed for 
emergencies. 

4. Install an 8" buried plastic pipe from the storm water tank to the API separator, located 
adjacent to the equalization basin in the biotreatment system. A by-pass, going directly 
into the equalization basin, will be built into the line for flows that exceed the design 
capacity of the separator (200 gpm). For daily transfers, not involving significant storm 
events, the existing smaller pump will be used to go through the separator. 

5. Fill in the existing, unlined, storrnwater sump. 

6. Concurrent with this project, other tasks in the TRE will address increasing the hydraulic 
capacity of the biotreatment system in order to assure that all storm water can be 
accommodated. 

Details of this Scope of Work may change as the project progresses, however, the original goal 
and basic concept will be adhered to. 
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EXHJBIT I 

A. STORM WATER RUNOFF CALCULATION 
(CONTAINMENT DESIGN BASIS) 

B. EXCERPT TECHNICAL RELEASE 55 (TR-55) 
(URBAN HYDROLOGY FOR SMALL WATERSHEDS) 



EXHIBIT I • STORM ~ATER RUNOFF CALCULATION (CONTAINMENT DESIGN BASIS · 25 YEAR/24 HOUR STORM EVENT) 
CEDAR CHEMICAL CORPORATION · ECO FIGURES ADJUSTED BY MEl (NOTE 2) 

FLOW ( FT3/SEC) 
T !ME INTERVAL IMPERVIOUS PERVIOUS TOTAL FLOW (Q) STORM ~ATER INTERVAL PUMP OUT INTERVAL STORM ~ATER NET ACCUMULATI ON TOTAL ACCUMULATED 

(HOURS) (m) (MIN) AREA AREA (FT3/SEC) VOLUME (G) (GAL) VOLUME (P) (GAL) INTERVAL (V) (GAL) STORM ~ATER (T ) (GAL) 
.... . .... .. ............. ....... ... ...... ..... .. .............. ... ........ ... ..... ... ........................... ... ....................................... ... ......... ·--------------------·- --------------------- ·-- ----- ------·---··- --- -------- ---- --------- --·- -------

11.0 18 2.24 1.12 3 .36 27,143 18,000 9,143 9,143 
11.3 18 3. 36 1.12 4.48 36,191 18,000 18,191 27,335 
11.6 18 4.48 2.24 6.n 54,287 18,000 36,287 63, 622 
11.9 18 20 .16 3.36 23.52 190,004 18,000 1n , oo4 235 ,625 
12 . 0 6 38.08 3.36 41.44 111,590 6,000 105 ,590 341 , 215 
12.1 6 69.44 5.60 75.04 ~02,068 6,000 196,068 537, 283 
12.2 6 75.04 10.08 85.12 229,211 6,000 223 ,211 760,494 
12.3 6 44.80 16.80 41.60 165,876 6,000 159, 876 920,370 
12.4 6 23.52 24.64 48.16 129,685 6,000 123,685 1, 044,056 
12.5 6 15.68 32 .48 48.16 129,685 6,000 123,685 1,167, 741 
12.6 6 12.32 35 .84 48.16 129,685 6,000 123,685 1, 291 , 426 
12. 7 6 10.08 34 .n 44.80 120,637 6,000 114,637 1,406, 064 
12 . 8 6 7.84 31.36 39.20 105 ,558 6,000 99,558 1, 505, 621 
13. 0 12 6.n 21.28 28.00 150,797 12,000 138,797 1,644, 418 
13 .2 12 5.60 14.56 20.16 108,574 12,000 96,574 1, 740, 992 
13.4 12 5.60 10.08 15.68 84,446 12,000 n,446 1,813, 438 
13.6 12 4.48 7.84 12.32 66,351 12,000 54,351 1,867, 789 
13.8 12 4.48 6.n 11.20 60,319 12,000 48,319 1,916, 107 
14.0 12 3.36 5.60 8.96 48,255 12,000 36,255 1,952, 362 
14.3 18 3.36 4.48 7.84 63,335 18,000 45,335 1,997 697 
14 .6 18 3.36 3.36 6.72 54,287 18,000 36,287 2,033 984 
15.0 24 3.36 3.36 6.n 72,382 24,000 48,382 2,082 366 
15.5 30 2.24 2.24 4.48 60,319 30,000 30, 319 2, 112, 685 
16.0 30 2.24 2.24 4.48 60,319 30,000 30,319 2,143, 004 
16.5 30 2. 24 2.24 4.48 60,319 30,000 30,319 2, 173,322 
17. 0 30 2.24 2.24 4.48 60,319 30,000 30,319 2,203,641 
17.5 30 2. 24 2.24 4.48 60,319 30,000 30,319 2, 233 ,960 
18.0 30 2.24 1.12 3.36 45,239 30,000 15,239 2,249 ,199 
19. 0 60 1.12 1.12 2.24 60,319 60,000 319 2,249, 518 
20.0 60 1.12 1.12 2.24 60,319 60,000 319 2,249,836 
22 . 0 120 1.12 1.12 2.24 120,637 120,000 637 2,250, 474 p 
26.0 240 0.00 0.00 o.oo 0 240,000 (240,000) 2,010 ,474 

......... .... .............. ................. .. .............. ..... ...... ... ..... ................................................................................. ... ........................................................................ .... .... . . ..... .................. .. . . . .. . ... . ............. 
2,928,474 1 918,ooo 1 

FORMULAS: 
NOTES: DESIGN BASIS: 

G (GAL) = Q CFT3/SEC) x (60 SEC/MIN) X (7.48 GAL/FT3) X m (MIN) 

P (GAL) = m (MIN) x (1000 GAL/MIN) 
1. P • PEAK. 1. DUAL 500 GPM PUMPS • 1,000 GPM. 

v (GAL) = G (GAL) · P (GAL) 

T (GAL) = SUM ( v) 

2. BASIC RUNOFF CALCULATIONS ~RE DEVELOPED BY ECO, INC. 
USING THE COMPUTER SOFTWARE TR-55, AND ARE BASED UPON 
TOTAL ~TERSHED AREA OF 0.027 SQUARE MILES & 6.8" 
RAINFALL. 1.12 ADJUSTMENT FACTOR APPLIED TO RESULTS. 

STORM ~ATER SUMP & DITCHES VOLUME REQUIRED • TOTAL STORM ~TER (T) PEAK • 2,250,474 GALLONS 

2. STORM ~ATER SUMP & DITCHES a 
2,500,000 GAL ACTUAL VOLUME. 

STORM ~ATER SUMP & DITCHES ACTUAL VOLUME · REQUIRED VOLUME a 2,500,000 - 2,250,474 • 249,526 GALLONS SAFETY FACTOR 
a- • •-- ••• •• • •• • •••••• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • ••••••••••••••• • • • • • •• ••••••••• •• ••• • ••••••••••• • •• • •• •••• 
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Preface 

Technical Release 55 ITR-55) presents simplified 
procedures to calculate stonn runoff volume, peak 
rate of discharge, hydrographs, and storage volumes 
required for floodwater reservoirs. These procedures 
are applicable in small watersheds, especially 
urbanizing watersheds, in the United States. First 
issued by the Soil Conservation Service (SCS) in 
January 1975, TR-55 incorporates current SCS 
procedures. This revision includes results of recent 
research and other changes based on experience v.ith 
use of t he original edition. 

The major re\isions and additions are-

1. A flow chart for selei:ling the appropriate 
procedure; 

2. Three additional rain distributions; 
3. Expansion of the chapter on runoff curve 

numbers; 
4. A procedure for calculating travel times of 

sheet flow: 
5. 
6. 

e7. 
8. 
9. 

Deletion of a chapter on peak discharges; 
Modifications to the Graphical Peak Discharge 
method and Tabular Hydrograph method; 
A new storage routing procedure; 
Features of the TR-55 computer program; and 
Worksheets. 

This revision was prepared by Roger Cronshey, 
Hydraulic Engineer, Hydrology Unit., SCS, 
Washington, DC; Dr. Richard H. McCuen, Professor 
of Civil Engineering, University of Maryland, College 
Park, MD; Norman Miller, Head, Hydrology Unit, 
SCS, Washington, DC; Dr.Walter Rawls, 
Hydrologist, Agricultural Research Service, 
Beltsville, MD; Sam Robbins (deceased), formerly 
Hydraulic Engineer, SCS, South National Technical 
Center (NTC), Fort Worth, TX; and Don Woodward, 
Hydraulic Engineer, SCS, Northeast NTC, Chester, 
PA. Valuable contnoutions were made by John 

·Chenoweth, Stan Hamilton, William Merkel, Robert 
Rallison (ret.), Harvey Richardson, Wendell Styner, 
other SCS hydraulic engineers, and Teresa Seeman. 

Revised June 1986 

(210-VI-TR-55, Second Ed., June 1986) 
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CUENT: CEDAR CHEMICAL CORPORADON 

LOCA TlON: WEST HELENA ARKANSAS 

PROJECT· STORM WATER PROJECT 
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GENERAL CONCRE ~E SPEC!" ,:: :. T!Ci S 

1 rouNOAne1'4S .o.R( OCSIClo[O I'CP A t.IAA' Iil.ll -'1.. : ... ~a,£ VRQS~ ::1L 
:l(ARINC or 2000 ? S.l H A CE~TH or 2 ru~ 

2. CONCRE'TE 28 DAY CCJ.JPQ(SSl ll{ S;;<(•acn. SHAll 9£ • XO :> ;.., <:1< 
SLABS ON CRAOC HID EX'I'OliOR ;:oaCR( 1"( Sk"li nA\1( A "' '"·"~'-"' 
COIJPRESSI\{ SlRENGTli or •000 P.S.I. COtiCR(T[ S«ALL HA'I£ '
I.IINII.IUI.I SlllloiP Cf" 4 INCHES. 

3. CC1'4~ET'( OCSIGN, WIXINC, A~D P\.ACOJ(Nl SHALl 6£ IN ACCO'IOANCE M Th .\0 )18- ~.l 

4. RONfORONC STIJJ. SH~ BE AST\A "-~IJ, CR 40C eo .AP RE INICRO~C SAPS 
.IIINII.IUW Cf" 36 BAR OI~[T'(RS. 

5 All CONSlRVCnON oe. f"CI.JNDA'TION W"LLS. SlRVCTU"'Al STEEL, ETC. SHAll 
BE BR" C(D TO RtSISl ThE APPUED LOADS UNT\L n,;: C~STRUCn~ IS COu PUTE. 

6 CONS"TRUCllON JOINTS SW.U. BE SO loi .AOE AN1> LOC...IED AS TO LEAST II.IP ioiR 
THE STREHCTH Cf" THE STRUCT\JRE AND SH~ BE APPROV[D BY THE ENCIN((R. 
JOtNT'S SH~ BE P£RP£MliO.JLAR 10 THE loiAIN ROWORCt: loiENT. cormNUE All 
RONr<lRCt:IJENT A~OSS CONSTPUC"10N JOiNT'S Ill SiPUCnJ!!AI.. ,.P(.t.S 

7. CONCR[T'( CO\UI. Tli[ f"OLLO'IIf.NC IIINII.IUI.I COHCC!£""E SliA!.L 8( "'lO.,.OCD f"O'l ~Nr:;R;:;l'o~ B:..=<S 
A. COf4CRElt: CAST ACAIHS1 AND PERM,t.t;OITLY EXPOsrn ACAINSl ("'I!TH ... - ....... J ll'oCMES 

B. CONCR£1! EXPOSED 10 EARlli OR VO.M:~ 

~ ~:.....fl.! .. ~~:::~ ::~~:::~:::: ::::::::: ::::::::::::::~ ·:.::::·:::~::::::::::·::::~:: ::.::: ::::~ ~~r:s 
C. COHCR£1£ H01 EXP~D TO EARTH OR l'IE"lhtlt 

:C:i ~~.~::::::::::::-~::::: :::::::::::: ::::~::::::::::::::::: :::: ... ::::::::::::::::=~~i:~ES 
&. ~ CQNCft(l[ NIX OCSIQIS SHALL BE PROPORnOolto ~ " CCOROANC! .-TH ACI 318. 

SUBUIT WIX OESICHS TO ENGINEER FOR APPROVAL. 

9. A WIHIWIAI or THREE lt:Sl CYUNOE:RS "fllll BE lAKEN F"ROU EA~ CONCR(T[ PV.COIOil 
,t.t;Q 'l'llll BE W,t.RKED rOR tOOI'TlnCA'TlON, ONE TO BE ltST£0 AT 'i£~ D"YS fOR 
tNrQRI.I ... nON AND T'NO TO 0C T[ST'(D A T l'IF.:NiY-(ICI-11 DAYS rCJ~> ACCO'lANCE 

GENERAL STRUCTURAL OTES: 

CALCVlA'TlON CY: "'"XlloiUIJ H'ltlROST ... nc PRESSVRE MN CROI.JKO WAT!:R ASS\JI.IED AT CRAllE 

POST'S. RAIUNCS AND SLEEvtS, St1All BE rABRICATE:l F"ROIJ SCkEOVLE 40 CALV SrtE~ "·~ ~ CQNFO'\II',..C 

TO ASllol A-~ 

CH,t.lol~ ALL (XPOS(l) COIICR(T'( CORNERS 1' B Y •5' 

STORM WATER SUMP+ TANK CONCRETE DETAILS AND SPECIFICA110NS 
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EXHIBIT III 

VENDOR LITERATURE 

A. SUBMERSIBLE SU}W PUMP 
(CLOW YEOMANS OR EQUAL) 

B. BURIED PLASTIC PIPE 
(PHILLIPS DRISCOPIPE OR EQUAL) 
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ENGINEERED SYSTEMS FOR INDUSTRIAL PROCESSES. ENER~Y CONSERVATION, POLLUTION CONtROl. 

Cedar Chemical 
West Helena, Arkansas 

Attn: Tom Lodice 

For your consideration, we offer two sizes of duplex submersible pump sets. The 
smaller size wiU provide 500 gpm at 26'tdh. The alternate selection will provide 
2750 gpm at 25'ldh. Each pump sert is quoted with float controls and duplex 
pump control panel. 

1 Yeomans duplex submersible pump set with 2- 4 x 4 x10 x 3 pumps of cast · 
iron construdion, with 7 1/2 hp motors, with prell.bricated bearings, moistt.re 
detectpr, thermal protection and double mechanical seals. Ptnp discharge 
elbow Is 4 x 6.1ncluded is guide rail mounting brad<et. 15' stainless steel lifting 
chain, Nerna 4 junction bo~ float switch mo~ti~ bracket. 4 - rnerrurY float 
switches, and duplex oontrol panel which will include 2 - motor circuit breaker 
disconnects, 2 - ACL contact<n, over10ad protector&, HOA &witches, rotary 
alternator, run lights, termlnal str1> for power and ftoats, 110 volt control clrcoit, 
460v a-phase seiVIce, seal waml~ lights. and h"" water level alarm bell 
Not included are 2- lengths of 2 112" schedule 40 pipe for guide rails. 
Not included is hoist for removing pumps from sump. 
Cable lengths provided will cover SU"l> depth up to 10'. 

Price: $10,352 

Alternate selection: 

1 Yeomans duplex submersible pump set with 2 - 8 x 8 x 15 x 5 pu~s having 30. 
hp motors. Discharge elbow is 8 x 8. All other feab.res and options are as stated 
above. 

Price: $22,322 

Estimated delivery is ~ weeks. Shipping pointis Chicago, Illinois. 
See enclosed for further details. · 

E:)((//...S/T 7ZZ: 
(A) ~N~1~ 
\J(..I N/-] ,.Oq _y ,LJ 

0"1: TR1GON PlACE & lJTlU ROCK. ARKANSAS 7Z2fJ9 .A. (601) 455-2111 & FAX455-3700 

I ": I 
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NOr+CLOO SUBMERSIBLE PUMPS 

Technical 
8pectflcatlonl 

ClENERAL 

Funi:sh non-clog a~ aowage p~ aa ITWlUtactured by Cfow Corporetion. P~ 
Oivisk>n, Melro6e Pa,ri(, llinols. 

PUMPS 

Plsnps shall be alze, C1ow Y.ocnana Sei'Ws 9000, non~ Stibmetsble sewage p!.lllps. Ea::h 
pLmp ~ be designed for a oepacny of GPM against feet total dynamic head. 
(Optbnal: Pump and motor assembly shal be U/l.lst.e<S .) 

MOTORS 

Each pump shall have a UIL is1ed, hermeticaftY seeled, submersible type, &lectric motor ol -~ HP, 
_ _ RPM for oparation on __ \lOll, _ _ phase, __ hertz power designed to Class 1, Group C & 0, 
Df\'~ 1 apedfieation&, for use n h8z8rdo(Js locationS and for general 1..198 In PlJ'I\Pi1g water and s~. 
The mota- nameplate horsepower ratilg shal not be exceeded by the brake hor9epower I"&QUirement of the 
$UllP for the de$1gn condition of &eMce apeclied and for the Impeller diameter Unlshed. TheiOOtor sMtt 
shall be ~ steel, hpeMoua to the lqtjd and waste maHer wNct\ it being ptnped. Thec'rM ovec1oad 
protection and a molstlQ detec1lon eyttam lhall be tdt rrto lle motor. 1M motoc service facb' of 1.15 
ahal oot be mcceeded &d a.ry ocA OClC ~ 

Two mechanlcal eealllhell be used to contak't tfle olin the probe and detection d&nbef. Two probeG shall 
be supplied i'l this chambet fOf' molltln detaction. The mechanlc:8l seelt ahall ~ve carbon and c«annc 
mating faces, staiiesa stee( metal parts l¥ld 8u'la N elastomers. (Option: LDwer Mal havilg said tmostoo 
carbide dual coniact Slriaces.) 

Twenty frve teet of U/L~cwed. CJrtra herd~. multkonductor power aod control Qlble ts su~ as 
standw eqUpmel'1t with the mot()(. (NEC code 501-11 Sectiof'l portable utll%.aJJon equipment as recom-
mended by UIL) . . 

Ufting eyes shal be C8St nto the mot()( hOtSlQ adequately designed to fit the~~-

PUMP co·NSTRUCTION 

The~ Lilli &tal be constructed i\ accordance wth A.S.T.U. Specifications No. M&-78, ~ 30, 
which shall inc:Uje cast Iron for motor, ~ support Ieos. (UTl) casng end ~- AI pipe fiMgeS lhal 
be faced and to the thickness reQUired f« COC'RI)IIance wfth 126 lb. American S1mdard. Bolt alots Itt ac
ceptable In ieu of dried holes. 

PUMP CASING 
The pump casng sh8l be of tho voeute type and made of as i'on. The cashg shall be Of one piece con
struction and of center 1ne di$Chatge deait7l to mnmlze clogging or now Interference. (Option: Fwntsh 
stai11ess steel tastE!IOefl, Option: Fu'ni9h exterior ooathg of coal ter epoXy, Option; Bronze or et81nless &teel 
suction wearing mg.t 

IMPELLER 
The Impeller shall be cast i'l one piece and drecUy mounted 1o a one piece stainless steel pump-motor shaft. 
It shall not requi"e sepe.rate pump shaft or cooping. Ea::h inpe!er Shell be an enclosed type. The inpelel' 
shell pass a __ sphere. The ends of Ole blades shall be rounded to prevent CiogQhg. The ImpeDer is to 
have pump out vanes to reduce thrust and to pump out gfit from the ~ area. (Option: Bronze or stainless 
steal wearing mg.) . 

The Impeller htt> stlal be provided with s. keyway and key and will be locked to the pump shaft and ma.i1tailed 
in thiS position by s. washef <Yld self-loctdno impeller screw or rut .. 

MOTOR BEARINGS 

Bearings shaH be n acoordance with eledr"IC motor &peciflC81ion B-1 0, life of 16,000 ho\1&. The bottom 
hewing Is to be a locked shaft. high thrwt,ri·frlction bearing wtllch prevents shaft mo\'ement. 

90005ER/ES 
~31 
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DUAL RAIL QUICK UFT ASSEMBLY 
FOR 4, 6, 8, 10, and 12• SUBMERSIBLE PUMPS 

GENERAL 

Teohftloal 
Spedfl~tlona 

FlJllish "Qulcf< Lit" slide rail mechanisms to gUde IRJbmersible PLITlP from upper level 
to Its operational location irl the &~.np baSi\. 

ElBOW 

The base el>ow ahal be cast W1 acoordance with A.S.T.M. Spedt1catlon No. A48·76, Oass 30. ~pipe' 
flange$ 8hal be faced and to hi thlckneaa req.Ji-ed fer oompli8nce with 125 lb. Amer1can Stardlrd. Bolt 
8bt8 are aooeptable In &eu of dried holeG. Bot slots In the base are to be provided fo( mounting the elbow to 
the conctete ftoot « 1018 ptm. The tme elbow is spdicaly designed to pemWt the slide mechaniam to In< 
up the Pli'I'IP with the base eb)w. · 

GUlOEPIPES 

The guide pt)es are to be constr\ded from stancS"d eteel schedUe .0 01' schedule 80 ~-The guide 
~ate \o be attached 1o the CXlflal!te basin oap at the upper Sew~ by an attachnent bracket tnterrneciate 
brackets shel be suppled as Wl<ftcatvd on dmwtlgs. The ~ sh8l be c:A the size rdcatud on the a-awlnQS. 
(Option. P41e tmllat*m hot cipped ~Of sta~neas meet) 

OUI>EPLATE 

A ductle .-on gt*ie plale d gufde lhe pc.mp assembly down 1he gUile ~ l.llta the latCh COfdads the 
disdwge el>ow. (Option: Bronze oonsttuc:t1on on UILiat~ ecppment.) 

The punp then fUcnJna aboll this point and position~ the pu~ discharge flange to property ~ It With 
the disclwge elbow. 

The guide plate Ia ~to permit remov81 of the pt.mp, without haW!g to disoomedrnt ~-

A neoprene jam washec &hal ft ., the dde plate t> riVni!.e leekage between the PLmP casing end base 
et>ow. (Option: metal to rnetlll wftt\out washer.) 

CHAIN 

A~ • or% • high test. welded Qtlvanized steel chain 6helllift the punp motor assentiy fran the sunp basi'l. 
The upper end shall be hung on a hook oo the acceaa door.(~: Hot dipped galvarized for Ull &sted 
equ(lment.} 

WINCH 

One winch Shal be used to service both pumps il duplex stations. The ga.Nanized arcrajt cable type winch 
shall have a fabricated steel Sl.C)pOI1 frame at1d have a capacity of 1 500 pounds. The cable end Is to be fitted 
with a grab hook to properly ink up with the if\ing chai'l attached to the punp-motor combination. (t..arge 
PIJO'C)S equC>Pe<J with 320 TY and 360 TY motcx's shcxJd use a 1 ton or 2 ton electric hoist for pump removal 
as reQuired.) 

: : 

9000$AIES 
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CLOY/ Clow Yeomans 
SERIES 9000 

12182 

DUPLEX LEADERTIISUBMERStBLE PUMP CONTROL PANEL 

Flmlsh and klatal one (1) C1owNeonwl8 1J1.4'1ex leader~ motor oontrol panel for punp motor In! 
aDC!flltY acx:.ssortes for manual and automatio Operation. The pale~ enoloou'e 8hal be NEMA Type (3R) 
(4) (12) f01 operation on wits 3 ~. 80 hertz pow« &uppy. Endo$ut'w shalllncb1e dead 
ftoot outer door and Inn« barr1er cover plate. Motor contrOl components shall be sized to operate 
remotely located tlbmer'$1:l&e ~ motors of horsepower at RPM. 

The I'QOtor oonlrol panel shal Include the foDownQ· for each pu-np motor: a motet protector chcomect, a 
motOI' 9tarti'lQ oontactor, • test·off·auto selector swftch tor automatic or mMcJef mode control and a unit 
rurring lght ((ll'ttn). Automatic mode control is ~lied through remotely loc8.fed liquid levef Ben:90I'S 
with normaly open oontacta. 

One (1) COf1trol ci'cult transfonnet • ine voltaQe pmwy · fUMd 120v/24v aecondary &hall be h.mCshed 
to provide 24 YOl oonlrol vobge to remotely located &qr.Ad level Mf'I$Of'8 and pOot control otam of 
Ql.ldary QCJJipment. 

A &el of IQ.id leYel ooolrol re&ys oontrol the autorretic mode ttYough remotely located Rquid levei 
6enwrt5. The &quid level oontrolef &hal respond to 4 leve!s of operation from the sensora. 

81: Jtl Plltl>S StoJ>-l.oW Water Levef 
52: lad Pump StM 
83: tag Pump Sta-t 
&4-: Hgh Wat..r Alarm 

M autcma1t ~ lilemalor .,.. lie pnMded to: equalze weer and useg& of the p!.ITips, allemate 
opeialtonel sequence ot ~on suooes!We starta and start lag punp If lead JUTlP ha& faled to start« 11 
IA')8ble to hancle 1he ~and the level oontbJe6 to 11se: · 

A moisture detec::bl system for ead1 motor wl be ftmished. The system w1 noorporate panel momted 
oorTlpCIOeds end two (2) moishre sensing probes moll"'ted In the ol chamber ~ the motor between the 
mechanical seals. Should water enter this charmer t wll actuate the moishR probe& Sgnalng the panel 
moooted components consisting of aJann lght (amber) and Identified wfth legend plate "seal leak''. 

MotOt mounted thennal deYic:es are a aeries cooneded autlmatic reset nonnaty closed creull ~ ex· 
cessMt heal~ II cauaes the them'lostat to open stopping the motor. 

Speolflable OpUons Ne As Folowa: 
A High waler reky with tennlnale for float awltch and a remote alerm. 
B Weatherptoof high water Mm1 dome light(~. 
C High water alarm hom Wlh alenoe butttln. 
0 The eddition of moisture detection relay with automatic motOI' shutdown feature to the standard seal 

leak de1ection sys1em. 
E Elapsed PllrTll rurvma time meter(s) • 8ix (6) diolt • readino hou's and tenths. 
F Test buttoos· one(1) for each ftoat 8Witch. 
G 120v cabinet heater with thermostat control. 
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IMP. NO.: Y·-4619 DISCHARGE SIZE: 8" 
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conditions. For QUAranteed ertlel•ncy, deduct 2 percenu~ polnti from 
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Driscopipe· 
Piping Systems 
Introduction 
Oriscop1pe high density polyethylene p1p1ng systems 
offer innovative new solutions to old materials 
handling problems These piping systems give the 
modern engineer proven engineered solutions to 
many traditional problems and new applications. 

The plastiCS industry IS more than 100 years old. but 
polyethylene was not discovered until the 1930s Early 
polyethylenes were low density and were used mostly 
for cable coatings. The high density polyethylenes 
ulllized 1n today's modern piping systems were 
developed in the early 1950s. 

Phillips Petroleum Company was one of the first major 
011 and gas producing companies to diversity in the 
petrochemical field to upgrade by-products of their 
producing and refining processes. Phillips is one of 
the world's largest producers of polyolefin plastics as 
well as many other petrochemicals. Polymerization 
processes developed by Phillips are used world 
w1de. Today, much of the world's high density PE is 
made by the Phillips process. It is through this 
leadership and long established technical know-how 
that specialized pipe resins were developed by Phillips. 

Oriscopipe Piping Systems are the result of a 
continued team effort by Phillips 66 Company and its 
subsidiary- Phillips Oriscop1pe, Inc.- to research 
and develop complete polyethylene piping systems 
of exceptional quality for demanding applications 
Phillips 66 Company, takes raw natural gas liquid 
products produced by Phillips and converts them into 
base petrochemical feedstocks. such as ethylene. At 
the Houston Chemical Complex these feedstocks are 
converted into numerous polyolefin plastics which are 
sold under the familiar Marlex~ trademark. Some of 
these Marlex resins are tailor-made for polyethylene 
pipe. For example, M-8000 is a very high molecular 
weight resin which is used to manufacture Driscopipe 
products which are extremely tough and durable. 
Phillips has developed special processing techniques 
and equipment for this resin which achieve finished 

products unmatched 1n the 1ndustry 1n quality. 
eng1neenng propert1es and performa!'lee. P~illips 
also makes lower molecular we1ght p1pe res1ns for 
conventional extrus1ons 

Marlex resin was 1ntroduced 1n 1962, and the 
Oriscopipe pip1ng systems produced with this resin 
have been installed world w1de. Literally, thousands 
of miles of th1s pipe are in serv1ce in hundreds ?f . 
different industnal. municipal and general ap~hcat1ons. 
Engineers have used Oriscopipe to solve a w1de 
range of problems related to C?~t. corrosio~ and 
serviceability which elude trad1t1onal matenals. 

Marlex M-8000 res1n was Introduced in 1978 and is an 
improved very-high molecular weight, high ~e~sity 
polyethylene. It has all the original charactensli~. yet 
has greater long-term hydrostatic st.rength. allowtng 
greater design pressures. Product lines made from 
Marlex M-8000 res1n 1nclude Driscopipe 8600 
Industrial and Oriscopipe 8000 Gas Distribution 
piping systems. Because of th_e special processing 
requirements, Marlex M-8000 IS extruded only by 
Phillips Oriscopipe, Inc. 

Phillips Oriscopipe, Inc. also offers product lines 
made of lower molecular weight polyethylene 
materials for use in those applications where job 
requirements are less demanding. These piping 
products are made by conventional extrusion 
methods from other pipe resins such as Marlex 
TR-480 and TR-418. 
Phillips 66 Company and its subsidiary, Phillips 
Oriscopipe, Inc., form a totally integrated effort from 
the natural resource raw materials at the well head to 
the finished piping product. This total o~g.ani~tion 
has been developing, testing and p1UV1d1ng h1gh 
density polyethylene compounds, piping . 
components and systems since the discovery of h1gh 
density polyethylene. 
When a Driscopipe System is installed, the owner 
acquires a product whose performance has ~n 
proven by long established technolog~. expene~?e 
and reliability. A complete team of dedicated Phillips 
people stand ready to help solve your material 
handling problems. 
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Driscopipe Materials 
The famtly of Marlex olefin polymers tncludes a 
complete range of low. medium and htgh dens1ty 
polyethylene and polypropylene. Tailored restns are 
spectftcally destgned for blow mold tng, InJection 
molding thermo-form1ng, cable coatings, ptpe 
extrus,ons. film. f1ber. filament and other spec1fic 
appltcattons 

Marlex high density polyethylene is manufactured by 
the Phtllips process at moderate pressures and 
temperatures. In the case of copolymers, ethylene 
and another olefin, such as butene or hexene, are 
dissolved 1n a solvent and the solution contacted by 
one of a variety of catalysts. Depending on the 
feedstock and the type of catalyst used, a copolymer 
is formed whtch varies in type and degree of chaif" 
branchtng of the molecules. The number of dtfferent 
restns which can be produced is almost limitless. 
Because of Phillips background in research and 
development of polymerization processes, it has 
histoncally been able to create resin with excellent 
balance of physical properties for specific applications. 

Oriscopipe systems are expected to give many years 
of trouble-free service when exposed to a broad 
variety of environments and working conditions. To 
meet such exacting requirements, Phillips developed 
several Marlex polyethylene pipe compounds. The 
service tife characteiistics of Driscopipa Systems are 
determined ~the ptlfsical and chemtcal properties 
of the compoood and the processing of each resin 
into a fi111shed product These systems are the result 
of years of development woO( a1med at producing 
polyethylene piping systems capable of meeting the 
most demanding requirements. 

Effect of Density 
Polyethylene materials are generally classified into 
three categories of low, medium and high density: 
also designated as Type I, II and Ill polyethylene, 
respectively. In recent years, only medium and high 
density polyethylene materials have been used for 
pipe. The introduction of high density polyethylene in 
the early 50s made it possible to achieve great 
improvements in physical properties of pipe as 
compared to the low and medium density products 
at that time. As density increases, tensile strength, 
surface hardness, stiffness. softening temperature 
and chemical resistance are all increased. 

Effect of Molecular Weight and 
Molecular Weight Distribution 
Followtng the discovery of high denstty polyethylenes. 
continued tnvesllgallon revealed that further 
Improvements in phystcal properttes could be made 
by tncreastng the average molecular weight 
Increased values are realized in melt vtscostty, tensile 
strength, elongation. resistance to creep, 1mpact 
strength, notch sensitivity, resistance to low 
temperature brittleness and resistance to 
environmental stress cracking. Through careful 
programmtng of the polymerization reaction. Phillips 
controls the density and the molecular weight to 
obtain polyethylene pipe compounds wtth 
exceptional service life performance. 

The plast1cs industry has always charactenzed 
polyethylene by molecular we1ght. Most of the time 
this is done by measuring the melt viscosity of the 
resin, called melt index, which is related to the 
molecular weight. However. for those polyethylenes 
havtng a weight average molecular weight above 
250,000. the ·melt index" is zero. For the group of 
resins with weight average molecular weights in the 
range of 250,000 to 1.5 million, a procedure known as 
"high load melt index" is used to characterize the 
particular polyethylene. The HLMI uses higher loads 
to measure the melt viscosity. Resins with molecular 
weights abo\le 1.5 million are generally characterized 
by solution vtscosity or other more sophisticated 
molecular weight determination techniques. The high 
load melt index test procedure used to identify 
Oriscopipe is described in ASTM· 0 1238. 

In addition to density and molecular weight, a third 
parameter, molecular weight distribution, is generally 
used to describe the resin. These three parameters 
determine the properties which a specific resin will 
have. In relating physical and chemical properties to 
density, average molecular weight and molecular 
weight distribu1ion, it is an oversimplification to state 
that a property is dependent entirely on any one of 
them. It is true, though, that many properties are more 
dependent on one parameter than the other two, and 
for this reason some generalizations can be made. 
The effects of increasing density, for example, were 
described earlier. 
• ASTM-American Society for Testlng and Materials 

( 

( 
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The effect of molecular weight and molecular weight 
d1stnbut1on IS more complex than density and can 
have vanous mean1ngs During the synthesis of these 
polymers all the molecules do not grow to the same 
s1ze The s1ze vanatlon may be small or great 
depend1ng upon the polymenzat1on process 
1nvolved One of the terms most frequently used to 
descnbe the s1ze vanallon 1s molecular we1ght 
d1stnbution Because of th1s s1ze variation. these 
polymers do not possess a specific molecular weight 
1n the usual sense of a pure compound. Instead. the 
molecular weights are at best only average values. 
When d1scuss1ng the molecular weight of 
polyethylene, one of three types is usual: number 
average molecular we1ght. weight average molecular 
weight or viscosity molecular weight. All expressions 
are determ1ned differently by exacting analytical 
procedures. Generally, molecular weight and 
molecular weight distribution have the following effects: 

As Average 
Molecular Weight As Molecular 
Increases (Melt Weight Distribution 

Property Index Decreases) Broadens 

Melt Viscosity Increases 

Tensile Strength 
at Rupture Increases 

Elongation at 
Rupture Increases 

Res•stance to 
Creep lnc1eases 

Impact Strength Increases 

Environmental 
Stress 
Cracking 
Resistance Increases 

No Sign.ficant Change 

No Significant Change 

Increases 

Increases 

Identification and Standard 
Designation of PE Materials 
Polyethylene piping materials for many years have 
been identified by a material code designation 
defined in ASTM Standard D 1248 entitled 
"Polyethylene Plastics Molding and Extrusion 
Materials". The code consisted of two letters, "PE" for 
polyethylene, and four arabic numbers. Originally, the 
first number designated the type PE. i.e .. Type I or II 
or Ill which identified the material as low, medium or 
h1gh density PE. The second number designated the 
Grade, which further identified the PE by other 
properties such as chemical resistance. The last two 
numbers of the code represented the hydrostatic 
design stress rating at 73 4° F for the pipe product. 
Thus, a polyethylene pipe designated as PE 3408 
was a high denSity (Type Ill). Grade 3 product with a 
design stress rating of 800 psi. 

ASTM D 1248 has been revised several times during 
the past few years and the code designations have 
been changed to better meet the needs of the 
Industry. 

In the Standard's current1ssue. polyethylene p1ping 
materials are defined by· 

(a) Type 
Identification by nom1nal density 
(g/cm3) : 

Type I (0 910 to 925)- Low Density 
Type II (0.926 to .940)- Medium Dens1ty 

Type Ill (0.941 to .959)- High Density 
Type IV (0.960 & higher)- High Density The density 
shown is for uncolored PE. Please note that Type Ill 
and IV are still described by the term, High Density. 

(b) Class 
Identification by composition 
Class A- Natural color only 

Class B- Colors. including white and black 

Class C - Black (Weather Resistant) containing 
2% or more Carbon Black. 

(c) Category 
Identification by nominal flow rate; g/10 min at 
190"C, 2160 grams load: 
Category 1- >25 

2- > 10to25 
3- > 1.0to 10 
4 - >0.4 to 1.0 
5- 0.4 Max 

The nominal flow rate is also known as the 
Meh Index. 

(d) Grade 
Identification by other key characteristics such as 
tensile strength, elongation, brittleness temperature 
and stress crack resistance as set out in the 
standard: 

For example: 
Grade Grade 

Property P24 P34 

Tensile Strength, psi 1800 3200 

Elongation, % 400 500 

Brittleness Temp, OC - 60 - 70 

Environmental Stress 192 192 
Crack Resistance. hrs., 
F20 

Conditions of test and requirements for these 
minimum values are set forth in ASTM D 1248. 

By designations defined in ASTM D 1248, 
Oriscopipe 8600 and 1000 are identified as Type Ill , 
Class C, Category 5, Grade P34 (IIICS P34) 
polyethylene compounds. 

Clarification is needed regarding two parts of this 
designation: category and grade. 
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Onscoptpe 8600 tS of such high molecular wetghtthat 
the melt flow is zero at the test condit100s set forth for 
Melt Index The melt flow for Oriscopte 8600 can be 
measured by increasing the load condtttons of the 
test (H1gh Load Melt Index -Condition F) 

When rev1s1ng ASTM 0 1248, effort was made to 
match the old pipe designations (PE2306, PE 3306, 
etc.) w1th those same ones in the new idenllf1cat10n 
syste.ms. Thus. a Grade P24 is still a Type II (medium 
dens1ty). Category 5 material. However, Grade P34 is 
an exception since it identifies a Type Ill matenal of a 
grade not prev1ously spec1fied (very high molecular 
we1ght). 

Current material designations are generally shown in 
the product standards by a method which combines 
the old and new systems of D 1248, i.e., Grade P24 1S 
PE2406 and Grade P34 is PE3408. The old style 
destgnat1on is nearly always used in the mark1ngs on 
the product. 

In 1974, ASTM wrote a new materials standard (ASTM 
0 3350) "Polyethylene Plastics Pipe and Fittings 
Materials" specifically for polyethylene pipe and 
fittings materials primarily because the old system 
(ASTM 0 1248) does not adequately describe the 
different PE pipe materials. This is particularly true in 
the case of Grade P34 resins. 

AS~M 0 3350 uses a cell classification system to 
des1gnate the PE p1pe and fittings materials. This 
system provides for more specific identification of the 
PE compound by using cell classification limits for 
den.sity, melt index. flexural modulus, tensile strength, 
enwonmental stress crack resistance and 
hydrostatic design stress at 2JO C {73.4° F). 
Provisions are made to designate color, and design 
stresses at elevated temperatures are recognized. 
Use of the new cell classification tells more about the 
PE compound than does the old system, and this can 
help assure the user of receiving the quality of 
product desired. 

The designation PE3406 was first recognized in 
ASTM standards in 1968. Since that time, PE3408 has 
become recognized throughout the industry as a 

premium quality material represent1ng exceptional 
performance ... pnmarily for two reasons ... The 
recognition of Grade P34 to designate a very high 
molecular we1ght polyethylene matena and the 
outstanding success of Marlex M-8000 res1n sold as 
Onscoptpe. 

Identification by Cell Classification 
By the cell classification system of ASTM 0 3350. 
Driscopipe 8600 is a PE355434C whiCh describes 
this compound as hav1ng the following primary 
properties: 

Property 

1. Density, g/cm3 

(Base resin) 
2 Melt Index. g/10 mtn 

3. Flexural Modulus. ps1 

4. Tensile Strength @ 
Yield, psi 

5. Environmental Stress 
Crack Resistance 
F20o hrs, min. 

6. Hydrostatic Design 
Basis @ 23"C 
(73.4-F). psi 

7. Color & UV Stabilizer 
Code 

Cell ClassifiCation 

.941 - .955 (cell3) 

<4 0 Cond1\J()ri F 
Method D 1238. (cellS) 

120,000to 100.000 (cellS) 

3000 - 3500 (cell 4) 

Test Condition C. 
192 hr., (cell3) 

1600(cell4) 

C (Black with 2% m1n1mum 
carbon black) 

Although the cell classification system is an 
improvement, it does an incomplete job of describing 
Driscopipe 8600. The highest cell requirements for 
ESCR (Property no. 5) is that the PE material not have 
more than 20% stress crack failures in ten ( 10) 
samples after 192 hours at 100"C. Although most 
PE3408 and PE2406 materials pass this test ... 
Driscopipe 8600 has been tested for more than 
10,000 hours . .. with zero (0) failures ... and the 
tests are continuing with no indication that failure will 
occur. No ESCR test procedure has yet been devised 
which causes Driscopipe 8600 to fail. This super 
resistance to stress-crack failure is a quality which is 
unique. This is also reflected in the pipe ring ESCR 
test described in ASTM F 1248. Oriscopipe 8600 has 
surpassed 10,000 hours in this test with no failures . 
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Driscopipe Systems 
The ob1ect1ve of Phillips Driscop1pe IS to offer safe. 
reliable and economical p1ping systems to prov1de 
effective solutions to matenal handling problems 
These polyethylene systems are usually selected for 
the JOb because they offer advantages not available 
through the use of other matenals. However, to obta1n 
long reliable serv1ce life from a polyethylene piping 
system. the user must be careful to select high quahty 
systems 

Philltps Driscopipe. Inc. offers a complete line of p1pe, 
fittings, accessones, technical and installation service 
through qualified and experienced distributors. 
Through the efforts of this entire organization, a very 
long hst of satisfied users. both large and small. have 
found effective, reliable solutions to their piping 
apphcat1ons, attesting to the h1gh quality of these 
systems. Millions of feet of Driscopipe are installed 
every year 1n hundreds of different applications, and 
the ioodence of fatfures in these piping systems since 
the early 60s is inSignificant. This outstanding record 
of success emphasizes the unusual quality and 
engineering properties of Martex resins, the quality 
controlled proprietary production methods of 
Oriscopipe piping systems. and the high integrity and 
reliability of the butt fusion and side-wall joining 
methods for these systems. All these features are 
successful developments of the Phillips family of 
companies. 

Oriscopipe Systems include: 
• A complete range of ptpe ana fittings s1zes and 

design pressure ratjngs. 
• Trained, qualified distributors. 
• Technical service assistance for systems design, 

installation and on-the-job consultation. 
• Readily available installation equipment. 
• Continual product research, development and 

testing. 
• Economical product availability through 

strategically located plants throughout the U.S. 
• Quality Assurance. 
• Custom design and fabrication of non-standard 

and special components. 

Current brochures regarding available components 
included in the Driscopipe systems are available 
upon request. 

Applications 
Driscoptpe is being used successfully in hundreds of 
industnal, munic1pal , mining, general and very 
spec1ahzed applications. These consumers have 
chosen Dnscop1pe polyethylene piping because 1t 
offers a combtnation of special engineenng 
charactenstlcs to solve difficult and specialized 
material handling applications or offers spec1al cost
saving solutions to otherwise expens1ve installations 

Typical applications include the use of Oriscopipe to 
handle corros1ve waste, erosive waste. sewage, 

dra1nage chemical process flu1ds. mine tailings, 
ac1ds, caustic solutions. sludge. process and potable 
water. saltwater, corrosive gases. slurries. mud, crude 
01l.etc 
These Ou1ds are handled at temperatures from below 
freezing up to 180"F and at pressures from 0 ps1 to 
265 ps1, both above and below ground. 

lndustnes that are us1ng Dnscop1pe 1nclude 
petroleum refining, petrochemical manufacturing . oil 
and gas production. hard and soft rock mining, paper 
and pump mills, power generation, sewage treatment 
plants, automotive manufactunng, farming , . 
breweries, municipalities, metals manufactunng, food 
processing, fertilizer, chemical processing, and gas 
utilities. 
One of the most Important uses of Driscop1pe in many 
of these industries is for the renewal of leaking, 
cracked, deteriorated or corroded lines through the 
unique. cost effective slip lining technique. Slip lining 
is especially adaptable with Driscopipe because of 
the extreme toughness and abrasion resistance of 
th1s material. its flexibility and the reliability of the butt 
fusion joining system. 

The slip lining technique is widely used in both 
municipal and industrial applications. Rehabilitation 
in this manner minimizes downtime in operations, 
reduces installation costs, eliminates costly 
excavations and disruptions. and can result in 
substantial cost savings over direct replacement. 
Uning an existing system with a Oriscopi~ line.r will 
reduce the inside diameter, but flow capacity wtll not 
necessarily be reduced. In fact, it may be increased 
due to the extremely smooth inside surface which 
offers much lower resistance to flow. This surface will 
remain smooth as it does not corrode, pit or 
deteriorate due to corrosive liquids or gases. 

Benefits - Advantages- Cost Saving 
Opportunities 
When compared to the traditional piping materials, 
Oriscopipe high density polyethylene piping systems 
offer significant cost savings in installation labor and 
equipment, proven engineered solutions and 
freedom of design, reduced maintenance cost, and 
extended life for most pipeline systems. These 
benefits, advantages and cost saving opportunities 
are derived from the basic and unique properties and 
characteristics of Driscopipe. 
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Chemical Resistance 
Dnscoptpe 1s for all practical purposes. chemically 
tnert There are only a few strong chemtcals whtch wtll 
affect it Natural chemicals in the soil will not attack 
Dnscoptpe or cause rt to degrade in any way. It is not 
an electncal conductor and does not rot. rust or 
corrode by electrolytic action. It neither supports the 
growth of nor IS affected by algae, bactena or fungt 
and IS res1stant to marine biological attack. Gaseous 
hydrocarbons have no adverse effect on expected 
service hie. Liquid hydrocarbons will permeate the 
wall and reduce hydrostatic strength but do not 
degrade the material. Upon evaportation of the 
hydrocarbon, the pipe will regain its original physical 
properties. 

Life Expectancy 
The hydrostatic design basis for Driscoptpe is based 
on extenstve hydrostatic testing data evaluated by 
standardized industry methods. Life expectancy is 
estimated conservatively to be in excess of 50 years 
for transporting water at ambient temperature 
(73.40f). Internal and external environmental 
conditions for each application may alter the 
expected life or change the recommended design 
basis to achieve the same life expectancy. These 
conclusions are supported by more than twenty years 
of actual experience. 

Lightweight 
Driscoptpe weighs much less than most other pipes 
of the same size. The specific gravity is .955- .957 
... it floats in water. It is 70-90% lighter than concrete, 
cast iron or steel, making it easier to handle and 
install. Substantial savings can be realized by 
reduced manpower and equipment requirements. 

AowFactors 
Driscopipe polyethylene has an extremely smooth 
inside surface. lt maintains excellent flow properties 
throughout its service life due to its excellent chemical 
and abrasion resistance. Because of smooth walls 
and the non-wetting characteristic of polyethylene, 
higher flow capacity and reduced friction loss is 

posstble wtth Onscoptpe In many cases thts htgher 
flow capactty may permit the use of smaller diameter 
ptpe A -c- factor of 155 is commonly used tn flUid 
flow calculattons (Hazen-Withams Formula) 

Joining System 
Oriscop1pe 1s JOined by the heat fuston techntque 
commonly called "butt fusion • Th1s IS a s1mple. v1sual 
procedure w1th stra1ght forward uncomplicat~? 
instructions pioneered and develope~ by Ph1lhps It 
1s fecogmzed 1n the industry as a JOining syste~ of 
very h1gh 1ntegnty and reliability. It is cost effective. No 
couplings are reqUired. Joints are stron~er tha!' the 
pipe itself tn both tension and hydrostatiC '?Bd1ng. 
Oriscop1pe may also be joined by mechan1cal me~s. 
such as flange adapters and flanges or compression 
couplings It cannot be joined by solvent ~ements or 
adhestves as they do not bond to Dnscop1pe. 

Butt Fusion Equipment 
The first crude "butt fusion" equipment for high 
density polyethylene was develo~ by PhilliJ?S in the 
late 50s following its first commerc1al product1on of 
this piping material. The joining method proved so 
successful that Phillips rapidly developed more 
sophisticated equipment and continued this . 
developmental activ1ty through the earl~ 70s. S1nce 
that time, with Phillips' guidance, other f1rms have 
developed an extensive line of fusio~ equipment 
which is readily available through Dnscoptpe 
distributors. or direct from the manufacturer. There are 
literally millions of Oriscopipe fusion joins in ~er:vice 
today giving trouble-free performance. The tnctdence 
of failure is insignificant. 

Toughness 
The overall "toughness" of Oriscopipe is an important 
characteristic of the pipe which is derived from many 
of the chemical and physical properties of the 
material as well as the extrusion method. The pipe is 
not brittle. It flexes. bends and absorbs impact loads 
over a wide temperature range of - 180"F up to its 
softening temperature of 2600f. This inherent 
resiliency and flexibility allow the pipe to absorb 
surge pressures. vibration and stresses cause~ by 
soil movement. Driscopipe can be deformed Without 
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permanent damage and w1th no adverse effect on 
long term serv1ce life It 1s easily cold bent 1n the held 
to a m1n1mum radius between 20 to 40 limes the p1pe 
d1ame1er It 1s flex1ble for contounng to 1nstallatton 
cond1t1ons Its flexibility and we1ght allow 11 to be butt 
fused 1n one location and pulled 1nto diff1cult locations 
to fac1htate easy installation. or be assembled above 
ground and rolled 1nto less expens1ve narrow trenches 

Dnscop1pe has very low notch sensitivity, high tear 
strength and excellent scratch abrasion resistance 
Its res1stance to environmental stress cracking is 
supenor. ensuring no effect on long term serv1ce life 
from 1nstalla1ton scratches. The extreme toughness of 
Onscop1pe is one of its outstanding engineenng 
characteristics lead1ng to Innovative piping des1gn. 

Abrasion Resistance 
Driscoptpe performs well in handling highly abrastve 
materials in low pressure- high velocity slurry 
s~stems. Controlled tests have shown that Driscop1pe 
w1ll generally out-perform steel pipe in this type of 
service by a ratio of 4 to 1. It also outlasts rubber-lined 
steel in most slurry applications due to its smooth, 
tough 1nterior surface. Oriscopipe has proven itself in 
many mining applications. 

Weatherability 
Driscopipe is protected against degradatiorl which 
could be caused by ultra-videt rays when exposed to 
direct sunlight The matenal contains~% finely 
divided carbon black ... which also accounts for the 
black color of Driscoptpe. Carbon black is the most 
effect1ve single additive capable of enhancing the 
weathering characteristics of plastic materials. The 
protection which even relatively low levels of carbon 
black impart to plastic is so great it is not necessary 
to use other light stabilizers or UV absorbers. 

Weatherability tests indicate that Oriscopipe can be 
safely stored outside in most climates for periods of 
many years without danger of loss of physical 
properties due to UV exposure. 

Pressure Capability 
Refer to the Systems Design brochure for complete 
details but, in general, Phillips Oriscopipe offers 
HOPE pipe for gravity flow and pressure service 
through 265 psi at 73Df for 50 years of service at a 2:1 
safety factor. Product description sheets which 
prov1de s1ze, SDR and pressure rat1ngs are available. 

Temperature Stability 
The exposure of Onscop1pe to normal changes 1n 
temperature does not cause degradation of the 
material However. some of the phys1cal and 
chemical propert1es of the p1pe w1ll change as 
temperature is 1ncreased or decreased. 

Onscop1pe will soften and start to melt at about 260"F. 
A temperature range of 475-500°F IS used to fusion 
JOin the 8600 piping system. A temperature range of 
375-400Df is used to fusion JOin the Oriscopipe 1000 
p1ping system. Refer to Onscopipe's qualified fusion 
procedures for details. Pipe IS fabricated at about the 
same temperature. To protect the material against 
degradation at higher temperature, it has been 
stabilized. This stabilizer protects the material against 
thermal degradation which m1ght otherwise occur 
dunng manufacture. outstde storage or installation. 

Dnscopipe has been tested for thousands of hours at 
elevated temperatures of 1400F and 176Df without 
thermal degradation. These long-term pressure tests 
at the higher temperatures are used to obtain 
recommended design strengths for the pipe at these 
temperatures. 

Temperature Response 
All thermoplastic piping materials are affected by 
temperature changes. It is general industry practice 
to characterize these materials at ambient 
temperature, 230C (73.4"F). 

As temperature increases. long-term strength 
decreases and vice-versa. Long term strength test 
data for Driscopipe is available at 73.40f; 1000f; 120"F 
and 140Df to verify its performance. Some 
polyethylene piping materials cannot be evaluated at 
higher temperatures because they fail prematurely. 
Knowledge of long-term strength at various 
temperatures allows for selective design of a system. 
The maximum recommended operating temperature 
for pressurized Oriscopipe is 140"F. The maximum 
recommended operating temperature for gravfty flow 
Oriscopipe is 180"F when properly installed. 
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The des1gner must also cons1der other effects caused 
by changes 1n temperature, such as expans1on and 
contraction forces and movement, changes 1n 
chem1cal res1stance. rtex1bllity, tensile strength etc 
Techmcal information relative to Driscop1pe 1s 
available upon request 

Fabrication 
Standard molded line fittings are available for 
Driscopipe in sizes through 12" IPS. Fitt1ngs 
fabricated from pipe are available in various pressure 
ranges 1n sizes W' through 54". Standard fabncated 
fittings and special ~ems or assemblies are available 
on special order. Design services are available to 
assist in designing system components to meet 
needs for special applications 

Standards 
The following is a partial hst of standard product 
specifications, methods of tests, recommended 
practices, industry technical reports and bulletins 
which are related to polyethylene piping systems. 
These are informative and useful to the designer and 
owner. Copies are available from the sponsoring 
organization. Information may also be obtained 
through a Driscopipe distributor or Phillips 
Driscopipe, Inc. 

ASTM 
American Society for Testing and Materials 
1916 Race Street, Philadelphia, PA 19103 
ASTM 0 1248 Standard Specification for Polyethylene 
Plastics Molding and Extrusion Materials 
ASTM 0 3350 Standard Specification for Polyethylene 
Plastics (PE) Pipe and Rtting Materials 
ASTM 0 2447 Standard Specification for Polyethylene 
(PE) Plastic Pipe, Schedules 40 and 80 Based on 
Controlled Outside Diameter 
ASTM 0 3035 Standard Specification for Polyethylene 
(PE) Plastic Pipe (SDR-PR) Based on Controlled 
Outside Diameter 

ASTM 0 3261 Standard Speethcat1on for Butt Heat ( 
Fus1on Polyethylene (PE) Plastic Fittmgs for 
Polyethylene (PE) Plast1c P1pe and Tub1ng 
ASTM 0 1693 Test Method for Enwonmental Stress -
Crack1ng of Ethylene Plast1cs 
ASTM 0 2837 Method for Obta1n1ng Hydrostatic 
Des1gn Basis lor Thermoplastic P1pe Materials 

ASTM 0 2321 Recommended Pract1ce for 
Underground Installation of Flexible Thermoplastic 
Sewer Pipe 
ASTM 0 790 Test Method for Flexural Properties of 
Unreinforced and Re1nforced Plastics and Electrical 
Insulating Materials 

ASTMF412 
Defin1t1ons of Terms Relating to Plastic Pipe Systems 
ASTM F 585 Pract1ce for Insertion of Flexible 
Polyethylene Pipe into Ex1sting Sewers 
ASTM F 894 Standard Specification for Polyethylene 
(PE) Large Diameter Profile Wall Sewer and Drain Pipe 
ASTM F 714 Standard Specification for Polyethylene 
(PE) Plastic Pipe (SDR-PR) Based on Outside 
Diameier 
ASTM F 1248 Determination of Environmental Stress 
Crack Resistance (ESCR) of Polyethylene Pipe 

NSF 
National Sanitation Foundation ( 
NSF Building, Ann Arbor, Michigan 48105 

NSF Standard 14 
Thermoplastic Materials, Pipe, Rttings, Valves, Traps 
and Joining Materials 
NSF Seal of Approval Usting of Plastic Materials, Pipe, 
Fittings and Appurtenances and Waste Water (NSF 
Testing Laboratory) 



AWWA 
American Water Works Assocation 
666 West OUincy Avenue. Denver, Colo 80235 
MWAC-901 
Polyethylene (PE) Pressure Pipe, '12" through 3", 
for Water 
/JVVWA C-906 
Polyethylene (PE) Pressure Pipe and Rttings 
4" through 63" for Water Distribution. 

CGSB 
Canadian Government Standard Board 
Ottawa, Ontano. Canada. K1AOS5 
CGS8 41-GP-25 
P1pe. Polyethylene. for the Transport of Liquids 

PPI 
Plastic Pipe Institute 
A Divis1on of The Society of The Plastics Industry, Inc. 
Wayne Interchange Plaza II 
155 Route 46 West 
Wayne. NJ 074 70 
(201) 812-9076 

PPI publishes Technical Reports such as TR5, 
"Standards for Plastic Piping." This technical report is 
an eX1ensive list of the most used standards and 
codes for procurement or identification of high quality 
plastic piping components. A list of Technical Reports 
and Technical Notes prepared and issued by PPI is 
also included. Copies are available from the above 
address. PPI also publishes informative bulletins on 
subjects such as "Pipehne Rehabilitation with 
Polyolefin Pipe." 
These reports are developed and published with the 
techn1cal help and financial support of members of the 
Plastic P1pe Institute, such as Phillips Oriscopipe, Inc. 

FM 
Factory Mutual Research 
1151 Boston- Providence Turnp1ke 
PO Box9102 
Norwood. Mass 02062 
FM listing is currently available for Onscopipe 1000 
only 1n s1zes 2" IPS through 12" IPS 1n SDR 9 and 
SOR 11, by size per order. 

CSA 
Canadian Standards Association 
178 Rexdale Blvd. 
Rexdale, Ontario, Canada M9W 1 R3 

CSAB 137.0 
Definitions. General Requirements and Methods of 
Testing for Thermoplastic Piping 
CSAB 137.1 
Polyethylene P1pe for Cold Water Serv1ces 

CSAB 137.4 
Polyethylene Piping for Gas Serv1ces 

CSAB 196.1 
Plastic Underground Power Cable Dueling 
The Driscopipe performance team offers you 
innovative solutions to your piping requirements. 
Contact your nearest Oriscopipe Sales 
Representative. He'll give you personalized techni~al 
service, installation assistance and all the cost-sav1ng 
advantages of a Oriscopipe Piping System. 
Engineered for Performance! 
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~ Phillips Driscopipe, Inc. 
~ A Subsidiary ol Phillips 66 Company 

To Secure Product lnformatton or Leave a 
Message for a Sales Engineer or Technical 
Service Representative: 

Mail : 
Attn: Customer Service Department 
P.O. Box 83-3866 
2929 North Central Expressway 
Suite 100 
Richardson, Texas 75083 

Phone: 
U.S. Domesttc Toll Free (800) 527-0662 

TWX: 
910-867-4818 

Fax: 
214-783-2689 

nus document repottS accurate and reliable 10iofma\Jon to lhe 
best ol our knowledge but our suggesuons and recommendattOOS 
cannot be guaranteed because the conditions of use are beyond 
our control, the user of such information assumes all risk 
connected wtth the use thereof. PhilliPS 66Coolpany and i1s 
subs1d1aries assume no responsibility lor the use of information 
presented herein and hereby expressly disclaJms all habtlity 1n 
regard 10 such use 
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Driscopipe® 1 0 0 0 series 

Data Sfi@@l 

Customer Benefits 
• Outstanding Chemical & Corrosion Resistance 

High quality Driscopipe!; 1000 is manufactured • High Environmental Stress Cracking Resistance 

from ext ra htgh molecular weight, high density 
• Improved Flow Characteristics 

• Toughness & Ductility 
PE3408 polyet hylene pipe grade resin. 

• Flexibility with lightweight 

This black, weather-resistant pipe exhibits . .. 
• Non-Toxic 

• Abrasion Endurance 

• Fatigue Endurance 

• Long-term Hydrostatic S~ng1b I Physical st~ngtb 

• Reliability 

Suggested Industries & Applications 

• Industrial Water Distributioo • Municipal • Hard rock mining 

• Agricultu~ • Gravity sewers • Coal Slurry I Processing 

• Landfills • Forced main sewers • Dredging 

• Marine • Water distribution • Water Intakes 

• Pollulion Control • Sewer treatment • Water outfalls 

• Pulp I pa~r I wood • Sludge handling • Fin-watu 

• Power Plants • Leacb.a.te coDection • De-Watering 

• Petroc:bemical • DuaJ Contai.Dmeat • Fly-Ash disposal 

• Mining I Mineral Processing • Brine • Temporary pipelines 

• D~dging I sand I gravel • Futillzu • Cable Staytd Bridges 

• Organic Chemicals • Add I Caustk lin~ • Golf course Irrigation 

• Inorganic Chemicals • Utility I Process piping • Fa~ndlnigatioo 

• Aquacultu~ • Slurry • Swimming pools 

• Hazardous Waste • SX acid mining • I~ rinks 

• Local/ State I Federal Gov'ts. • Tailings disposal • • • • • and many others 

• Cement Plants • Marinas Available in sizes 

• Irrigation • Snow melting I making 1" thru 54" 

Specification Data 
ASTM f. 714 · Pipe Standard PPI Designation • PE.3408 

~ 
ASTM 03261 • Fillings Stancard NSF. Usted. Standard # 14 (by s1ze.per order) ,; HSf :· 

\ 

The resin, pipe & fittings comply 

with these accepted (and olher) 

i ndustr ~ st; .. tndards 

Cell Classification • 
ASTM 03350 · PE.345434C 

ASTM 01248 ·Type Ill. Class C 
Category 5. Grade P34 

J:f'A 1-J'~) ISO li lt>! 

Factory Mutual (by size. per order) ~ F M ~ ~ 
CGSB41 · GP-2SM-Pipe Standard 

A WW A C901 • Potable: Wate r P1pe & Tubmg 



Driscopipe ~ 1000 

Typical Ph~sical Pro~erties a 
Pro~ert~ S(!ecification U nits Nominal Value 

Material Destgnation PPI / ASTM PE .3408 
:-.tatenal Classification ASTM D-1248 Ill c 5 P34 
Cdl Classtfication ASTM D-3350 345434C 

Denstty (3) ASTM D- L505 gm / cm3 0.955 
~felt Index (~) ASTM D-1238 (2.16 kg/190"q gm : 10 min. 0.11 • 
Flex Modulus (5) ASTM D-790 pst 135,000 
T ensile Stre ngth (4) ASTM D-638 psi 3200 
ESCR (3) ASTM D-1693 Fo, Hours > sooo·· 
HOB @ 73• F (4) ASTM D-2837 pst 1600 
U-V Stablizer (C) ASTM D-1603 %C 2.5 

H ardness ASTM D-2240 Shore ·o· 65 
Compressive Strength 

( Yield) ASTM D-695 pst 1600 
Te nsile Strength @ ASTM D-638 

Yield (Type IV Spec.) ( 2" I min) psi 3200 
Elongation @ Yield ASTM D-638 % , minimum 8 
Tensile Strength@ 

Break (Type IV Spec.) ASTM D-638 psi 5000 
Elongation @ Break ASTM D-638 %, minimum 750 
Modulus of Elasticity ASTMD-638 psi 130,000 

ESCR 
(Cond A.B. C. Mold Slab) ASTMD-1693 Fo. Hours > 5000 •• 
(Compressed Ring - pipe) ASTM F-1248 Fso. Hours > 1000 •• 
Slow Crack Gtowth BatteUe Method Days to Failure >64 

Impact Strength {IZOD) ASTM D-256 ln-lb I in notch 42 
(.us Thick) (Method A) 

Linear Thermal 
Expansion Coef. ASTMD-$6 in / in / • F 12 X 10-4 

Thermal Conductivity ASTM D-177 BTU -in/tr / W•f 2.7 
Brittleness Temp. ASTMD-746 •f < -180 
Vicat Soft. Temp. ASTM D-1525 Of 257 
Heat Fusion Cood. psi @°F 75 @400 

m This list or Typica.l Physica.l Properties is intended for basic characterization or the pipe, and does DO( 

represent specific determinations or specifications. 

• • Tests were discontinued because no failures and oo indication of stress crack initiation. 

+ Average Melt Index value with a standard deviation of 0.01. 
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Driscopipe® 8 6 0 0 series 

-------------~~---s 8ataSheet ~ 

• Ex~lleot Envlromeotal StrtSs Cracking Resistao~ 

Customer Benefits 
• Outstanding Chemical & Corrosion Resistance 

Htgh quality Driscopipe~ 8600 is manufactured 
• Superior Toughness & Ductility 

• Improved flow Characteristics 
from Marlex ~l-8000$ \·e ry high molecular 

• Extended Physical & Hydrostatic Strength 

weight. high density PE3408 polyethylene pipe • Greater Abrasion Resistance I Endurance 

grade resin. • Flexibility with lightweight 

• Fatigue Resistance 

This black . weather-resistant pipe exhibits . ... . • Reliability 

• Virtuallout:oess I No t.a.ste transmission 

• Non-Toxicity 

Suggested Industries and Applications 

• Mining 

• Pulp I Paper I Wood 

1 Organic Chemicals 

• Inorganic Chemicals 

• Petrochemicals 

• D~ng I Sand I Gravel 

• Agriculture 

• Metal (Cu,AJ.fe. etc.) 

• Industrial 

• Municipal 

• Water 

• Cement P1aot.s 

• Hazardous Was~ 

• Irrigation 

• Marinas 

t Coal Slurry I Coal Prtp • Water lotak.es 

• Tailings Slurry • Water outfaJls 

• SX acid milling • De-wat.erioc 

• Hard Rock Disposal • Sludae plpiq 

• Utility I process piping • River Crossings 

• Water handling I distribution • HJcb purity processes 

• Gravity & for-ce-maio sewers • Potabkwater 

• Fertillur • Temporary pipelines 

• BriDe • Storage tank piping 

• Sewer treatment I sludgt • Fly ash Hoes 

• Add I caustic lines • Golfcourses 

• Leachate colkctioo • Swimming Pools 

• Dual Contabuoeat • . • . . and many others 

• Sa ow MeJtla.& I Making 

• Ice R1aks 

• Salt Mines • Aquaculture I Available in sizes Y.- n thru 48" I 

• Sugar Mills 

Specification Data 

The resin, pipe & fittings comply 

with these accepted (and other) 

industry standards . . .. 

• Fire-water mains 

ASTM F-714 Pipe SID. 

ASTM D3261 Fittings STD. 

CeU Classification 
ASTM D3350 - PE355434C 

Material Description -
ASTM 0 1:~- Type Ill Clas.s C 

Category 5, Grade P34 

AWWA C901 

PPI - PE3408 Designation 

/.'~ NSF - Listed, Std. #14 -· · .: HSF : (by size,per order) 

CGSB 41 - GP·25M 

:.: . ...._.,-.; 
~ 



Driscopipe ® 8600 

T~Eical Physical Properties m. 

Property Specification Units Nomina l Value 

Material Designation PPI / ASTM PE 3408 
Material Cla~ification ASTM D-1248 Ill C 5 P34 
Cell Classification ASTM D-3350 355434C 
Density (3) ASTM D-1505 gm / cm3 0.957 
Melt Flow (5) ASTM D-1238 (21.b. 190) gm / 10 min. 1.5 
Flex Modulus (5) ASTM D-790 pst 135,000 
Tensile Strength (4) ASTM D-638 pst 3500 
ESCR (3) ASTM D-1693 Fo, Hours > to,ooo·· 
HOB @ 73° F (4) ASTM D-2837 pst 1600 
U-V Stablizer (c) ASTM D-1603 % C 2.5 

Hardness ASTM 0-2240 Shore "D" 65 
Compressive Strength 

(Yield) ASTM D-695 pst 1600 
Tensile Strength @ ASTM D-638 

Yield (Type IV Spec.) ( 2" I min) pst 3500 
Elongation @ Yield ASTM D-638 %, minimum 8 
Tensile Strength @ 

Break (Type IV Spec.) ASTM D-638 psi 5000 
Elongation @ Break ASTM 0-638 %, minimum 600 

Modulus of Elasticity ASTM D-638 psi 130,000 

ESCR 
(Cond A,B, C: Mold. Slab) ASTM D-1693 Fo, Hours > 10,000 •• 

(Compre~ed Ring- pipe) ASTM f -1248 fo, Hours > 10,000 •• 

Slow Crack Growth BatteUe Method Days to Failure >64 
Impact Strength (IZOD) ASTM D-256 In-lb I in notch 

(.125" Thick) (MeLhod A) 144 
( .250" Thick) 84 

Linear Thermal 
Expansion Coef. ASTM D-696 in / in / 0 f 1.2 X 10-4 

Thermal Conductivity ASTM D-177 BTU - in/ tr I hrsl o F 2.7 
Brittleness Temp. ASTM D-746 Of < -180 
Vicat Soft. Temp. ASTM D-1525 Of 257 
Heat Fusion Cond. psi @°F 150 @500 

iii This list of Typical Physical Properties is intended for basic characterization of the pipe, and does not 
represent specific determinations or specifications. 

•• Tests were discontinued because no failures and no indication of stress crack initiation. 
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